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Hydrolytic Derivatives of Lignin Volatile Compounds

By A. BALEY

The observation that acid hydrolysis of bu-
tanol lignin caused profound changes in the re-
action mixture led to a closer examination of the
products in the hope that they would have con-
stitutional value. Acid hydrolysis of lignin is
known to reduce methoxyl content, produce for-
maldehyde, and to cause deep-seated and un-
known changes in the lignin, but little is known
of the exact nature of the reaction.

Acid hydrolysis of butanol lignin yielded 27.5%,
of volatile compounds, a non-volatile, benzene-
soluble fraction, and a resinous, alkali-soluble
fraction. The volatile compounds are the only
products discussed in this report. They were
separated by careful fractionation in efficient
columns and identified. The compounds and
yields obtained were

Acetone, % 1.9
n-Butyraldehyde, % 1.6
Methanol, % 2.5
Allyl alcohol, % 2.5
Propyl alcohol, 7, 4.8
Formic acid, % 11.4
B-Ethyl-a-methylacrolein, % 2.8

27.5

It seems probable that the 1.8% of n-butyralde-
hyde should be considered as derived from the
butyl alcohol used as a solvent rather than from
the lignin.

The methoxyl content of the original lignin was
15.29%,; practically all of this was split off by hy-
drolysis, yet only 2.5% appeared as methyl al-
cohol. The abnormally high yield of the formyl
radical may represent an oxidation product of the
methanol formed by hydrolysis of the methoxyl
group. Itis to be noted that the sum of the yield
of methanol and formic acid approached the origi-
nal methoxyl content. This explanation, there-
fore, neither confirms nor invalidates Freuden-
berg’s hypothesis that lignin contains the methyl-
ene dioxide group.

It is believed especially significant that three of
the compounds possessed a carbon chain of three
carbon atoms, two of them the allyl group and
the other the propyl group. There would appear
to be a close relationship between the allyl group

isolated here and that depicted by Klason,! and
the propyl and allyl groups identified in this
study with the hydrogenation products of Harris,
D’Ianni and Adkins.?

The absence of aromatic compounds is un-
doubtedly due to non-volatility; it seems reason-
able to expect them in the non-volatile, benzene-
soluble fraction.

Butanol lignin from only three woods, western
hemlock, aspen, and jack pine, has been subjected
to acid hydrolysis but it has been ascertained that
little similarity exists in the products of lignin from
different species.

Hydrolysis with water and acid alone failed; the
presence of butanol was necessary. A blank hy-
drolysis of water, hydrochloric acid, and butanol
failed to yield butyl chloride or any other product.

Carbohydrates were not present in the reaction
mixture, hence butanol lignin from hemlock is not
a ligno-carbohydrate complex.

It is unfortunate that the use of butanol as a
solvent precluded a determination of the quantity
of butanol bound to the lignin in “butanol lignin”’
although time may show the other information
presented here to be even more important.

The proven heterogeneity of butanol lignin? is
doubtless significant in relation to the number of
products obtained.

In view of the diversity of products, the low
yield, and the remaining products to be identified,
it does not yet appear to be rational to hypothe-
size linkages which would fit the identified com-
pounds into a constitutional scheme.

Experimental

Preparation of Lignin.—Western hemlock (Tsuga
heterophylin Sargent) chips from a commercial sulfite
chipper were digested in equal volumes of water and »n-
butanol in a 25-liter stainless steel rotating autoclave at
160°. Repeated digestions with fresh liquor were carried
out to ensure removal of all freet lignin. The lignin solu-
tion was then shaken with water until carbohydrates were
removed, and concentrated to dryness.

Hydrolysis of Lignin.—One hundred grams of lignin,
550 ml. of distilled water, 550 ml. of butanol, and 24.4 ml.
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of 12 N hydrochloric acid were added to a 2-liter stainless
steel autoclave, and digested at 160° for three hours. Two
hydrolyses -were carried out and the liquors combined be-
fore analysis.

Fractionation of Products.—Efficient columns were
developed for this and similar studies; one of these has
been described in detail.’ An extremely satisfactory
method of fractionation involved the preliminary concen-
tration of the reaction mixture by removal of the solvent.
Two distillations in a column having an efficiency equiva-
lent to 30 theoretical plates sufficed for concentration.
The entire reaction mixture was then distilled through a 30-
plate column, and the distillate added to the pot of another
30-plate column. The distillate from the second column
was placed in the pot of a 60-plate column.® These three
columns were run simultaneously in this cascade system,
keeping the volume of liquid in the higher pots at a mini-
mum to increase the efficiency of separation. The tech-
nique of fractionation was generally similar to that al-
ready described.b

Yields were determined by the weight of distillate and
the elimination curve.®

Identification of Products

(1) Acetone.—The 2,4-dinitrophenylhydrazone had a
melting point of 125°, The semicarbazone melted at
185-186°, and the mixed melting point determination with
acetone semicarbazone was 185°,

(2) n-Butyraldehyde.—The 24-dinitrophenylhydra-
zone melted at 120-121°, and the semicarbazone at 105°,

(8) Methanol.—The p-nitrobenzoate melted at 107°,
and the 3,5-dinitrobenzoate at 107°.
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(4) Allyl Alcohol.—The 3,5-dinitrobenzoate melted
at 49°, and the p-nitrobenzoate at 28°.

(5) Propyl Alcohol.—The 3,5-dinitrobenzoate melted
at 73-74° and the p-nitrobenzoate at 35°.

(6) Formic Acid.—The formyl radical occurred in the
distillate as n-butyl formate, and the weight obtained is re-
ported as formic acid. Actually, the n-butyl formate was
isolated as the binary azeotrope, #u-butyl formate-s-
butanol, boiling at 105.8°. The butanol was removed from
the mixture as the addition product of calcium chloride,
and the residual butyl formate hydrolyzed by refluxing
with 259, sodium hydroxide for one-half hour. The #-
butanol was then distilled off as the binary azeotrope with
water boiling at 92.7°, and salted out with potassium car-
bonate. The residual contents of the distillation flask
were cooled, acidified and distilled. The formic acid was
recovered as the binary water azeotrope; b. p. 107°.

The n-butanol was identified by preparing the 3,5-dini-
trobenzoate, m, p. 62-63°, and p-nitrobenzoate, m. p. 35°.

The formic acid was identified by preparing the p-
nitrobenzyl and the p-bromophenacyl esters. The p-
nitrobenzyl ester had a melting point of 30-31°; the p-
bromophenacyl ester, 138°.

(7) pB-Ethyl-a-methylacrolein,—The 2,4-dinitrophenyl-
hydrazone melted at 160°, the semicarbazone at 205°.

All of the above products were checked by identification
with literature citation, melting points, or by mixed melting
point determination.

Summary
Six aliphatic compounds, representing a yield
of 25.7%,, were identified in the acid hydrolyzate
of butanol lignin.

SEATTLE, WASHINGTON RECEIVED SEPTEMBER 4, 1941

[CONTRIBUTION FROM THE DEPARTMENTS OF CHEMISTRY AND ]OF PrvsioLocicAL CHEMISTRY, THE OHIO STATE UNI-
VERSITY

The g-Form of the Cori Ester (/-Glucopyranose 1-Phosphate)

By M. L. WorrroM, C. S. SmiTH, D. E. PLETCHER AND A. E. BROWN'

Of all the biologically important sugar phos-
phates occurring in nature, the Cori ester (d-glu-
copyranose 1-phosphate) is perhaps of prime im-
portance because of its role in the initial reactions
of carbohydrate metabolism. The enzymatic
synthesis of starch! and of glycogen® from this
compound is indicative of its further significance.
In a rigorous proof of structure cf this substance
reported from this Laboratory,® no definitive «,8-
assignment could be made since the corresponding
a,B-isomer was unknown. The rather high dex-
trorotation (+78.5°) exhibited by the crystalline
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dipotassium salt of the Cori ester does not in itself
allow an a-assignment to be made. For example,
B-d-galactose (452°) and B-maltose (+118°)
show high dextrorotations, but their correspond-
ing a-isomers possess still greater rotations in the
dextro direction. Accordingly, we sought a syn-
thetic method of preparation for the second «,f3-
form.

Cori, Colowick and Cori* state in a footnote
that an attempt was made to prepare the a,8-
isomer of the Cori ester by the interaction of -
acetochloroglucose and silver phosphate. Using
an alkaline deacetylation procedure, they state
that in one case they obtained an acid-labile bar-

(4) C. F, Cori, S. P. Colowick and Gerty T, Cori, J. Biol. Chem.,
121, 470 (1937).



